Background/Aims: Increasing evidence indicates that the systemic inflammatory response plays a vital role in carcinogenesis. The Glasgow Prognostic Score or modified Glasgow Prognostic Score (GPS/mGPS) is a novel inflammatory indicator which consists of CRP and albumin. Here, we performed a meta-analysis to evaluate the prognostic value of the GPS/ mGPS in patients with colorectal cancer (CRC) and to assess its consistency in different CRC therapies. Methods: The electronic databases PubMed, Embase, Scopus, Web of Science, and Cochrane Library were searched from inception through December 2017 for the association between the GPS/mGPS and clinical outcomes. Study characteristics and prognostic data were extracted from each relevant study. Overall survival (OS) and cancer-specific survival (CSS) were considered the primary outcomes, and hazard ratios (HRs) and 95% confidence intervals (CIs) were calculated. The quality of each study was pooled using the random-effects MantelHaenszel model. Finally, subgroup analyses were performed to detect the heterogeneity of 
Introduction
According to a recent epidemiological report, colorectal cancer (CRC) is still one of the most impactful diseases worldwide, as the third most diagnosed cancer and the fourth leading cause of cancer-related death [1] . Currently, therapeutic strategies for CRC are determined by the tumor stage and patients' systemic condition. The primary therapy is curative colorectal resection, but immunotherapy, chemotherapy, and targeted therapy are preferred when the CRC is confirmed at an advanced stage [2] . Despite the increasing development of therapeutic strategies and diagnostic techniques, the long-term morbidity and mortality rates for CRC remain high, possibly due to high risk of tumor recurrence and metastasis [1, 2] . In addition to tumor biological characteristics such as size, number, and vascular invasion, other factors also influence CRC progression and patient prognosis [3] . Therefore, it is worth exploring novel indicators that predict the prognosis of CRC patients who have received different therapeutic strategies.
Tumor biological factors, which constitute the tumor-node-metastasis (TNM) stage, were enacted by the American Joint Committee on Cancer (AJCC) and have been validated as indicators to evaluate CRC prognosis before patients undergo treatment [4] . However, the current TNM stage system for CRC lacks information reflecting the inflammatory status in patients. There is now a growing consensus that the systemic inflammatory response is an independent risk factor for the development of malignancy and is associated with worse prognosis in various cancers, such as gastric cancer [5] , pancreatic cancer [6] , liver cancer [7] , breast cancer [8] , and esophageal cancer [9] . When cancer generates an inflammatory response, the levels of cytokines are increased and the phenotypes of immune cells are changed, which increase the propensity for tumor growth by promoting angiogenesis and drug therapy resistance, inhibiting apoptosis, and damaging DNA [10] [11] [12] .
As a consequence of continuous in-depth investigation of the inflammatory response in the tumor microenvironment, more and more inflammatory scores have been proposed for indicating the prognostic and survival outcomes of various cancers in routine clinical practice [13, 14] . These indicators, whose prognostic role has been validated, include the neutrophil-to-lymphocyte ratio, platelet-to-lymphocyte ratio, C-reactive protein (CRP), systematic inflammatory index, and Glasgow Prognostic Score/modified Glasgow Prognostic Score (GPS/mGPS) [15] [16] [17] . By combining CRP and albumin [18] , the GPS/mGPS reflects both the systematic inflammatory response and nutritional status [19] [20] [21] . The GPS score ranges from 0 to 2: patients with both an elevated CRP (>10 mg/l) and decreased albumin (<35 mg/l) are assigned a score of 2, whereas those with either an elevated CRP or decreased albumin alone are assigned a score of 1. Patients with a normal CRP concentration and albumin level are assigned a score of 0. The main difference between the GPS and the mGPS is that the mGPS defines hypoalbuminemic patients without elevated CRP as having low risk (mGPS = 0). A 2003 study by Forrest et al. showed the utility of the GPS as an indicator of prognostic outcomes for non-small-cell lung cancer patients [22] . Subsequently, an increasing number of studies have revealed the predictive values of the GPS/mGPS in other types of cancers, such as pancreatic cancer [23] , liver cancer [7] , and esophageal cancer [24] . Although several studies have pointed out the correlation between the GPS/mGPS and prognosis of CRC patients [25] , the role of the GPS/mGPS in CRC patients receiving different treatment has not been fully studied.
Therefore, this study aimed to widely explore the prognostic value of the pretreatment GPS/mGPS in CRC patients who undergo different therapeutic strategies by identifying the relevant studies and conducting a meta-analysis. We postulated that the GPS/mGPS might be a readily available and inexpensive objective prognostic index that could be used in daily oncologic clinical practice and could assist in the prognostic stratification of CRC patients.
Materials and Methods
Literature search strategy A comprehensive search of the PubMed, Scopus, Embase, Web of Science, and Cochrane Library electronic databases was performed to identify possible studies published before January 2018 relevant to the theme of interest with a reported association between CRC prognostic outcomes and the GPS/mGPS. There was no restriction on regions, languages, and publication types. Search terms were limited to combine the following free-text words and Medical Subject Headings (MeSH)/EMTREE terms, as: "C-reactive protein" or "CRP" or "albumin" or "Glasgow Prognostic Score" or "GPS" or "modified Glasgow Prognostic Score" or "mGPS" and "colorectal" or "colon" or "rectum" or "rectal", and "cancer" or "cancers" or "tumor" or "tumors" or "carcinoma" or "carcinomas" or "neoplasm" or "neoplasms". Furthermore, the references in the primary selected studies or reviews were scrutinized for additional potential relevant articles. Two reviewers (L.Y. H. and H.L.) independently completed the electronic search of the above listed databases for titles and abstracts.
Study inclusion and exclusion criteria
Two reviewers (L.C. and J.Y.C.) independently selected the eligible studies based on the prespecified inclusion and exclusion criteria. Any discrepancies between the two reviewers were resolved by the senior reviewer (J.Z.). All authors participated in the final decision on inclusion and exclusion criteria. Studies satisfying the following criteria were included: (1) prospective and retrospective studies analyzing the relationship between the GPS/mGPS and its prognosis prediction efficacy in CRC patients; (2) patients with CRC classified on the basis of the GPS/mGPS scoring system; and (3) articles containing both the hazard ratio (HR) of overall survival (OS) or cancer-specific survival (CSS) and their 95% confidence intervals (CIs) or a p value comparing low-level GPS/mGPS with high-level GPS/mGPS in predicting prognostic outcomes. Furthermore, the exclusion criteria were as follows: (1) duplicated articles; (2) experimental studies; (3) case reports; (4) editorial letters, review articles, and meta-analyses; (5) abstracts only; (6) studies with unavailable data and irrelevant articles; and (7) studies without any prognostic outcomes.
Data extraction
Two authors (J.Y.C. and H.L.) independently extracted the data by reading the full text of each article. For each study, the information collected included the full names of the first authors, year of publication, region of study, sample size, age, number of outcome events (OS and CSS), follow-up period, disease stage, survival endpoint, and HRs with 95% CIs, as previously described [26, 27] .
Statistical analysis
The main interest was to compare primary outcomes (i.e., OS and CSS) between CRC patients with high and low levels of the GPS/mGPS. For quantitative aggregation of the prognostic outcomes, the HRs with corresponding 95% CIs from the original studies were considered the most appropriate indexes for assessing prognostic outcomes because they were time-to-event data. HRs were collected by means of the following approaches: (1) the HRs could be obtained directly from the publications; if multivariate analysis was performed, the HRs of the multivariate analysis were preferable; and (2) in those studies that only provided survival curves, the HRs and 95% CIs were extracted from the curves. All data were pooled with Review Manager 5.3 (Cochrane Collaboration, Oxford, UK). All statistical analyses were two-sided, and P < 0.05 was considered statistically significant. The statistical heterogeneity across studies was examined [28] . A random-effects Mantel-Haenszel model was used when the I 2 > 40%, considering the P value for substantial heterogeneity [29] . With the I 2 < 40%, a fixed-effects model was used instead. Subgroup analyses were performed to reduce potential sources of heterogeneity. Control-enhanced funnel plots were used to signify publication bias. Funnel plots were used to explore the publication bias. The symmetry of the funnel plot was analyzed using Egger and Begg tests (Stata version 12.0).
Subgroup analysis
With cancer progression, patients undergo different therapeutic strategies, including curative or palliative therapy. Several kinds of therapies are applied to CRC. Patients with early-stage CRC receive surgical resection, whereas chemotherapy or molecular-targeted therapy is performed for advanced CRC. Thus, subgroup analysis was performed to minimize the influence of different therapies on the final outcomes. Patients who underwent surgical resection or chemotherapy were separately analyzed. The overall results were then compared between different groups.
Results

Identification and selection of studies
As shown in the flow chart of Fig. 1 , the initial systematic literature search retrieved 2526 eligible citations from the above five major databases. After examination of the title and abstract, 56 potential relevant studies remained after the removal of 2470, including 883 duplicated articles and 1587 unsuitable articles (experimental studies, case reports, letters, review articles, meta-analyses, abstracts only, studies with unavailable data, and irrelevant articles). By scrutinizing the potential full texts, 22 studies were excluded because they contained no data of interest. Thus, 34 studies published between January 2007 and December 2017 met our inclusion criteria and were included in the final analysis .
Characteristics of the eligible studies
The basic characteristics of all included studies and the quality assessment consequences are summarized in Table S1 (For all supplemental material see www.karger. com/10.1159/000495500/) . All trials were performed only using adult patients. Among the 34 studies, 13 were conducted in Japan, 7 in the UK, 4 in China, 4 in Korea, 3 in Australia, 1 in France, 1 in Turkey, and 1 as an international multicenter study. Overall, 8834 patients were included and the sample sizes of the selected studies ranged from 40 to 1000. The GPS score ranged from 0 to 2 based on the CRP and albumin levels, as discussed above. We defined a GPS score of 0 or 1 as the low group and a GPS score of 2 as the high group. Twentythree studies investigated the association between the level of the GPS/mGPS and OS for CRC patients, whereas 22 reported the CSS. Additionally, 23 studies involved 7385 CRC patients receiving curative therapy, whereas 12 evaluated the prognostic outcomes of 1669 CRC patients treated with chemotherapy. Age at diagnosis, Fig. 1 . PRISMA flow diagram of the study to show the process.
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Relationship between the GPS/mGPS and CRC survival
The effect of the GPS/mGPS on OS and CSS in patients with CRC was explored. Twentythree studies [30-33, 35, 38, 40, 41, 43-46, 48, 49, 51-54, 57-61] including 6218 patients reported OS. After the HRs and 95% CIs were pooled, the results revealed that a high GPS/ mGPS was significantly associated with poor outcomes (HR 2.18, 95% CI 1.83-2.60; P < 0.00001; Fig. 2 ) with significant heterogeneity (I 2 =81%, P heterogeneity < 0.00001). The analysis of subgroups of patients undergoing resection [30, 32, 33, 38, 40, 43-45, 48, 49, 54, 57-59] or chemotherapy [31, 35, 41, 46, 51-53, 60, 61] showed similar results (HR 2.14, 95% CI 1.71-2.67, P < 0.0001; HR 2.35, 95% CI 1.69-3.27, P < 0.0001). Data from 22 studies [62] showed the ability of pretreatment GPS/mGPS to predict the CSS of CRC (HR 1.82; 95% CI 1.57-2.11; P < 0.00001; Fig. 3 ) with some heterogeneity (I 2 =62%, P heterogeneity < 0.00001). In the resection subgroup [34, 36-38, 40, 42, 44, 47, 49, 50, 55, 57-59, 63, 64] , the GPS/mGPS showed a negative association with CSS (HR 1.92, 95% CI 1.60-2.31, P < 0.0001). This finding was similar in the subgroup of patients who underwent chemotherapy (HR 1.63, 95% CI 1.24-2.14, P < 0.0001).
Clinical features and prognosis of CRC are different between the Eastern and Western countries, which could be attributed to variations in diet, lifestyle or genetics [65] . To minimize the impact of region on the predictive value of GPS/mGPS, studies were further divided into Asian or non-Asian area and subgroup analysis was performed. The predictive value of GPS/mGPS were similar in the region subgroups: the HR was 2.68 (95% CI 2.04-3.52, P < 0.00001, I 2 =71%, P for heterogeneity < 0.0001; Fig. 4 
Sensitivity analysis and publication bias
Sensitivity analysis was conducted by omitting the enrolled articles in sequence to investigate the stability of the synthesized HR concerning OS. Our meta-analysis was considered stable because the pooled HRs were not significantly altered by sequential elimination of the included studies (Fig. 6) .
The funnel plot showed a publication bias in the included studies (Fig. 7) . Two types of statistical tests were used to evaluate the dissymmetry of the funnel plot: Begg's (z = 1.85, P = 0.064) and Egger's (bias coefficient 1.846, standard error 0.405, t = 1.91, P = 0.070). 
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Discussion
This meta-analysis examined the results of 34 retrospective studies including 8834 patients to evaluate the prognostic value of the GPS/mGPS in patients with CRC treated with various therapeutic strategies. After we controlled for other individual and clinical variables, the pooled results indicated that patients with a high level of pretreatment GPS/mGPS were more likely to have poor OS and CSS. Furthermore, subgroup analyses revealed the significant relationship between the GPS/ mGPS and OS in CRC patients regardless of the treatment received or region of studies. Altogether, the results indicate that the GPS/mGPS can be used as an efficient indicator to predict the prognostic outcomes of CRC patients.
Increasing evidence reveals that the systemic inflammatory response is positively associated with tumor malignancy. Proinflammatory cytokines from the microenvironment affect tumor characteristics, including angiogenesis, tumor growth promotion, and drug resistance [68] . Thus, systemic inflammatory indicators are more widely used for predicting the post-treatment recurrence and survival of CRC patients [7] . Recent studies showed that the GPS/mGPS was a novel inflammatory index, which predict outcomes in various cancers [7, 23, 24] . However, the molecular mechanisms underlying the relationship between the GPS/mGPS and poor CRC prognostic outcomes are still unclear. A plausible explanation is that an elevated GPS/mGPS may reflect an individual's immune and nutritional status. The GPS/mGPS is composed of albumin and CRP, which are both acute-phase proteins synthesized in the liver. Level of CRP is regulated by several proinflammatory cytokines, such as interleukin (IL)-1, tumor necrosis factor α, transforming growth factor β, interferon γ and IL-6 [69] . Study has shown that IL-6 is correlated with OS and CSS in CRC, which could be explained by its effect in promoting tumorigenesis and metastasis [70, 71] . Additionally, CRP is associated with the activity of infiltrated immune cells, including dendritic cells, T cells, and natural killer cells [72, 73] . Many studies have shown that CRP is an independent biomarker for predicting prognostic outcome in various cancers [74] [75] [76] . The serum albumin level is used as a biomarker to evaluate liver function and nutritional status. Hypoalbuminemia is a common feature of systemic inflammatory response and cancer recurrence and metastasis. Also, it has been shown to be positively correlated with the OS and CSS of patients with various cancers including CRC [24, [77] [78] [79] [80] [81] .
Since the therapeutic strategy has a strong influence on prognostic outcomes for CRC patients, subgroup analyses were performed to assess the effects of the GPS/mGPS on CRC patients according to treatment stratification. As expected, despite different characteristics, tumor staging, and therapeutic strategies, the pooled consequences in these two subgroups were consistent, which exhibited an important predictive ability of the GPS/mGPS in CRC patients receiving curative or palliative therapy. Taken together, combined with one excluded study that showed the effect of this inflammatory index in CRC patients with targeted therapy [82] , the findings demonstrate that the GPS/mGPS is a reliable and inexpensive index for making decisions regarding CRC therapeutic strategies. There is a substantial geographic variations in incidence, prognosis and risk factors of colorectal cancer [83] . Therefore, predictive value of GPS/mGPS of studies from Asian or non-Asian region was explored. The results indicated that high GPS/mGPS showed similar predictive value for prognosis of patients with CRC in spite of their regions and I 2 was reduced for both subgroups. There are several limitations to our meta-analyses. The variety of the baseline characteristics of the study population and the follow-up information causes inevitable heterogeneity. Stratified analyses were performed for the various CRC treatments and regions of studies to minimize the heterogeneity. Also, in some included studies, the HRs from the multivariable analyses were not as statistically significant as other systemic inflammatory markers, such as the platelet-to-lymphocyte ratio, neutrophil-to-lymphocyte ratio, and other systematic inflammatory indexes. These indicators may have affected the role of the GPS/mGPS and thus led to a nonsignificant outcome in a multivariable model. Besides, all of the eligible articles were retrospective studies and the potential effects of unpublished data with negative results may be ignored. Thus, the results may be overestimated due to publication bias.
Conclusion
In conclusion, the current meta-analysis revealed that the GPS/mGPS, calculated from two common laboratory serum parameters, is an independent and promising indicator for predicting the prognostic outcomes of CRC patients regardless of whether they have received a radical or palliative treatment. Clinically, the GPS/mGPS is obtained conveniently and inexpensively before patients undergo their therapy. The pretreatment GPS/mGPS might be considered a biomarker in the management of CRC.
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